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 Cross layer resource allocation in the wireless networks is approached 
traditionally either by communications networks or information theory.  
The major issue in networking is the allocation of limited resources from  
the users of network. In traditional layered network, the resource are 
allocated at medium access control (MAC) and the network layers uses  
the communication links in bit pipes for delivering the data at fixed rate with 
the occasional random errors. Hence, this paper presents the cross-layer 
resource allocation in wireless network based on the proposed social-sine 
cosine algorithm (SSCA). The proposed SSCA is designed by integrating 
social ski driver (SSD) and sine cosine algorithm (SCA). Also, for further 
refining the resource allocation scheme, the proposed SSCA uses the fitness 
based on energy and fairness in which max-min, hard-fairness, proportional 
fairness, mixed-bias and the maximum throughput is considered. Based on 
energy and fairness, the cross-layer optimization entity makes the decision on 
resource allocation to mitigate the sum rate of network. The performance of 
resource allocation based on proposed model is evaluated based on energy, 
throughput, and the fairness. The developed model achieves the maximal 
energy of 258213, maximal throughput of 3.703, and the maximal fairness of 
0.868, respectively. 
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1. INTRODUCTION 
In the last few decades, the wireless communications have been grown rapidly in the worldwide. 
However, the upcoming wireless communication has provided various services of high-quality voice to  
the wireless multimedia for everywhere at low cost [1]. The wireless network is also said to be International 
Mobile Telecommunications 2000 (IMT-2000) for providing the services using multimedia mobile to attain 
the high bit rate of about 2Mb/s [2]. To fulfill user requirements, the service provider includes various techniques, 
like cross-layer design and co-operative relaying in the wireless communication systems. The co-operative 
relaying is utilized to improve the coverage of base station (BS) and the system capacity in wireless 
communication network [3, 4]. While varying the channel-state information (CSI) and queue-state information 
(QSI) in wireless network, the nodes accept their reception and the transmission parameters with power constraints 
and the quality of service (QoS) needs [5], but still the channels undergo time varying multipath fading. 
Additionally, the inflexibility and the sub-optimality results in inefficient resource in the wireless networks [6, 7]. 
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The resource management and the allocation are very difficult for the wireless networks where  
the spectral resources are provided by several users. In the layered networking structure, every layer is 
operated as well as designed separately [6]. Some of the resource allocation schemes employed for mobile 
communication systems are service level agreements and the QoS parameters. Here, the QoS parameters 
containing objective measures, like transfer delay, packet loss ratio, guaranteed bit rate, delay variation and 
so on. Thus, the improved subjective quality perceptron is very significant to the providers for maintaining 
and increasing the customer needs. However, the resource allocation includes algorithms and strategies in 
order to control the parameters, like channel allocation, transmit power, modulation scheme, data rates, error 
coding scheme and so on. In general, the scheduling approaches use the number of hops, transmission 
distance, delay, channel condition [8].  
Cross-layer optimization is broadly utilized for providing QoS provisioning in wireless multimedia 
communication [9, 10] in the wireless multimedia communications [9, 10]. The cross-layer scheme works 
with conventional network model to improve the system performance, but the design principle may cause 
high complexity and several optimization issues [9, 11]. Accordingly, the efficient cross-layer techniques are 
introduced to reduce the additional requested information from both the practical and the theoretical point of 
view [9]. Currently, the cross-layer architecture is designed to improve the system performance in modern 
wireless networks, and in addition, the cross-layer interaction patterns are supported with protocol stack 
beyond 3G mobile communication systems [12-13]. In [14], the cross-layer resource allocation was 
established by considering both the data link layer and the physical layer. 
This paper presents an approach for cross layer resource allocation based on SSCA. Here, the cross-
layer design shares the information through layer boundaries for determining the data receives from the other 
layers. Hence, the cross-layer design is utilized for sharing the status, parameters, and the other information 
to other four layers. By changing the channel conditions, the cross-layer optimization entity updates  
the decision on the basis of new input data. In this case, the resource allocation strategy is performed based 
on proposed SSCA, which is designed newly by combining SSD and SSA. The fitness function for best 
resource allocation is evaluated on the basis of energy and fairness. The fairness parameters, like max-min, 
hard-fairness, maximum throughput, proportional fairness, and maximum throughput are considered.  
The major contribution of the paper is: 
- Proposed SSCA-based resource allocation: The cross-layer resource allocation framework named  
SSCA-based allocation is proposed for allocating the resources effectively. The location of search agents 
is updated using the fitness function by considering fairness and energy.  
The paper is arranged according to following series: section 2 elaborates existing methods of 
resource allocation with challenges of methods that remain as motivation for research. The system model of 
resource allocation is portrayed in section 3 and the developed method of resource allocation is explained in 
section 4. The results of the methods are deliberated in section 5. At last, section 6 concludes the work. 
 
 
2. MOTIVATION 
This section presents the literature survey of several methods utilized for resource allocation and  
the challenges of the existing works are discussed. 
 
2.1.  Literature survey 
Several methods related to cross layer resource allocation techniques are described, and analyzed as 
follows: Maleki and Mirjalily [15] developed comprehensive cross-layer resource allocation approach for 
providing fairness, robustness and balancing, and the throughput maximization. Here, the power consumption 
was found better, but other metrics, like max-min and proportional fairness was not considered.  
Tseng, et al. [16] developed single-input multiple-output (SIMO) that consider the angle between jammer 
and channel vector in the antenna spatial domain. After that, the new best solution for anti-jamming cross layer 
resource allocation was derived. Here, peak signal-to-noise ratio (PSNR) was improved, but the method failed to 
consider other algorithms for better system performance. Jung, et al. [17] presented an approach was 
introduced for the wireless video transmission. Here, two metrics were considered for measuring  
relative difference of each forward error correction (FEC) block to quality of user experience. Here,  
the computational complexity was greatly reduced, but the unequal error protection (UEP) resource 
allocation are not considered for hybrid automatic repeat request transmission, and multicast video packets. 
Kordbacheh, et al. [18] employed robust cross layer routing and the radio resource allocation in  
the wireless ad-hoc networks. In this case, the performance gain was found better, however, the optimization 
problem is still difficult because of non-convexity. 
Xu, et al. [19] presented security-based energy efficient for multi-homing networks. Here,  
the security-enabled resource allocation was formulated as the maximization issue of dropping probability, 
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packet delay, and the availability of power consumption. The method failed to solve the multi-eves problem. 
Senthilkumar and Meenakshi [3] developed the approach for resource allocation strategy for multi-
destination relay systems in the cellular downlink. The QoS requirements utilized in this work is minimum 
data rate requirements, maximum delay threshold, and the zero overflows. However, the method did not 
analyze both downlink and uplink performance. Xu and Zhuang [20] presented cross-layer resource 
allocation for the heterogeneous wireless network. Here, the resource allocation was subjected to service 
outage probability, constraints in delay, system ratio bandwidth, and the total power consumption.  
The energy efficiency was increased in this work, but the cross-tier interference was not considered for 
bandwidth allocation at the heterogeneous wireless access. Tseng, et al. [21] presented an approach for 
resource allocation crossing the application and physical layers for uplink MU-MIMO OFDMA systems. 
This approach achieves better improvement in average peak-signal-to-noise-ratio (PSNR), but the user 
grouping was not analyzed. 
 
2.2.  Challenges 
The challenge that has been identified by analyzing the previous cross layer resource allocation 
techniques are listed below. 
- The challenges faced by cross-layer design is the coexistence problem, which means it is very complex 
for integrating various cross-layer designs to uniform, because of the specific communication standard of 
each cross-layer design [13]. 
- Another challenge faced by cross layer design is overhead caused by cross layer signaling. The cross-
layer shared the information among the nodes is very complex and challenging [13]. 
- Standardization provides the unique vehicle to smooth several cross-layer design solutions in mobile 
communication networks, but the specification, investigation, development, and the standardization of 
cross-layer entities failed to meet the requirement of cross-layer optimizations as well as the dynamic 
interaction patterns between protocol layers remains open challenge [12]. 
- Unlike single-carrier network, the multi-carrier network serves various users at the particular time; 
therefore, the multi-carrier scheduling design for the bursty traffic is the hectic challenge [6]. 
- In [15], Comprehensive cross-layer resource allocation model is devised for fault tolerant topology 
control in the wireless mesh networks. Here, the method failed to consider the fairness and the energy 
model together for resource allocation among the multiple layers. 
 
 
3. SYSTEM MODEL 
This section presents the system model for cross layer resource allocation in CDMA-based wireless 
as-hoc network. Let us consider the energy constrained Cognitive Radio orthogonal frequency division 
multiple access (CR OFDMA) with M  communicating pairs. Here, both the transmitter u  and the receiver 
v  are represented as  nK ,...,2,1: . If vu  , then the transmission system is considered as the time 
slotted OFDMA system at the particular time interval L . Here, the slot synchronization is attained using 
beaconing approach. For every time slot, the particular time interval is given for achieving synchronization to 
perform spectrum detection and resource allocation. However, inter-carrier interference (ICI) produced by 
the frequency offset of side lobes pertaining to the transmitter u . In the physical layer, the frequency-based 
Rayleigh fading channel is considered for dividing whole spectrum into N  subcarriers for guaranteeing 
every subcarrier by experiencing Rayleigh fading. The subcarrier set present in transmitter and receiver pair 
u  is denoted as,  NGu ,...,2,1 . Let us consider  ul vu GlMvuHH  ,,,: , , which represents  
the subcarrier fading co-efficient matrix, where, the term l
vuH ,
denotes the sub-channel coefficient gain from 
u to v  at the subcarrier l , and is expressed as,  
 
 
2
,, eIH
l
vu
l
vu   (1) 
 
where, the term  eI l vu, refer to the transfer function. Here, the term H uses the block fading channel ofsize 
L that remains invariant through blocks and the uncorrelated over successive blocks. The noise considered 
here is additive white gaussian noise (AWGN) with the variance 
2
,lu at receiver u over subcarrier l . Then, 
the transmission power allocation matrix is indicated as  ululu GlKuqqQ  ,;0,  for  
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the entire users in K over available subcarrier set uKu GV   , where the term 
l
uq denotes the power allocated 
to subcarrier at transmitter u . For each transmitter, the power vector is given by, 
 
 Nuuuu gggg ,...,,: 21  (2) 
 
The energy consumption per information rate to achieve high energy efficiency for the transmitter 
receiver pair at each time slot is denoted by, 
 
 






u
u
Gl
l
u
Gl
s
u
l
u
uuu
a
gg
agE :,
 (3) 
 
where, the term 
l
ua refer to the data rate of 
thl subcarrier. The power allocated over 
thl subcarrier for 
thu
transmitter is represented as 
l
ug , and the term 
s
ug signifies the receiving power. 
 
 
4. PROPOSED RESOURCE ALLOCATION ALGORITHM 
This section illustrates the proposed SSCA algorithm for resource allocation in wireless network. 
The cross-layer optimization is the combination of joint scheduling and resource allocation in wireless 
network along with medium access control (MAC), physical layer and the application layer are included in 
the unified cross-layer optimization. Here, the cross-layer optimization algorithm gets queue state 
information (QSI) and channel state interference (CSI) from MAC and physical layer. Consequently,  
the other input parameters, like energy and fairness, the cross-layer optimization entity makes the decision on 
resource allocation to maximize the sum rate of network. By varying the channel conditions, the cross-layer 
optimization entity updates the decision based on new input data. Here, the novel resource allocation strategy 
is developed using the proposed SSCA, which will be newly designed by integrating SSD [22] and SSA [23]. 
Also, for further refining the resource allocation scheme, the proposed SSCA uses the fitness based on energy [19] 
and fairness where the hard-fairness, proportional fairness, mixed-bias max-min, and maximum throughput is 
considered. The block diagram of the proposed SSCA-based resource allocation in the wireless network is 
shown in Figure 1. 
 
 
 
 
Figure 1. Schematic view of the cross layer resource allocation using the proposed  
social-sine cosine algorithm 
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4.1. Cross layer optimization 
Cross-layer optimization model consists of different layers and different parameters. The three 
layers present in the cross-layer optimization. The adaptive modulation and coding (AMC) and CSI-reference 
signal (CSI-RS) feedback are available in physical layer, whereas the subcarrier assignment, adaptive power 
control, automatic repeat request (ARQ), forward error correction (FEC), and quality of service in the MAC 
layer along with the adaptive transmission rate in the network layer. In traditional OSI, the strict boundaries 
are present among the layers in which the data are provided in the given particular layer and every layer gives 
the independent solution with the own optimized adaptation, but it is very complex to fulfill all  
the requirements, like data rate, bit error rate, and the latency for various services. In the dynamic wireless 
networks, the QSI and CSI vary with the time, hence the network node adapts the reception and  
the transmission parameters to satisfy the power constraint and the QoS needs [5, 24].   
 
4.2. Proposed social-sine cosine algorithm for resource allocation 
The proposed SSCA is the combination of SSD with SSA. The SSD algorithm is inspired by various 
evolutionary optimization approaches to minimize the SVMs parameters with the aim to enhance the system 
performance. The main aim of SSD is to search in the space for optimal or near-optimal solutions.  
This method is very efficient for generating improved features to tackle multi-objective optimization issues. 
Moreover, the method can solve the highly non-linear problems with complex constraints. The SCA 
algorithm is the population-based optimization and there is no guarantee for finding the solution with single 
run. This approach is utilized for creating various random solutions and fluctuate them towards the best 
solution based on sine function. Here, various random and adaptive variables are combined in order to 
emphasize the exploitation and exploration of the search space. The merits of the algorithm are that  
the algorithm exhibits better convergence speed, minimal error, and minimal computational time.  
Hence, integrating SSD in SSA produces better solution with the improved system performance. 
The developed SSCA for cross layer resource allocation is illustrated in this section. The proposed 
SSCA is the combination of SSD [22] with SSA [23], and thus attains the advantages of SSD in SSA.  
The SSD algorithm is inspired by various evolutionary optimization approaches to minimize the SVMs 
parameters with the aim to enhance the system performance. The main aim of SSD is to search in the space 
for optimal or near-optimal solutions. This method is very efficient for generating improved features to tackle 
multi-objective optimization issues. Moreover, the method can solve the highly non-linear problems with 
complex constraints. The SCA algorithm is the population-based optimization and there is no guarantee for 
finding the solution with single run. This approach is utilized for creating various random solutions and 
fluctuate them towards the best solution based on sine function. Here, various random and adaptive variables 
are combined in order to emphasize the exploitation and exploration of the search space. The merits of  
the algorithm are that the algorithm exhibits better convergence speed, minimal error, and minimal 
computational time. Hence, integrating SSD in SSA produces better solution with the improved system 
performance. The advantages of the proposed method are better convergence speed, minimal error, minimal 
computation time and it produces better solution with the improved system performance. 
 
4.2.1. Solution encoding 
The solution encoding is the representation that is identified with the developed model. Assume d
number of transmitters and m number of subcarriers from which s optimal solution is chosen by  
the developed model such that s value ranging from bs 1 , respectively. Here, the solution requires for 
deciding which transmitter to be allocated in which subcarrier.  
 
4.2.2. Objective modelling 
The fitness function is evaluated in order to obtain the better result. The optimal solution is 
determined from the previous iteration as each solution to obtain the better location. The objective function 
of the developed approach is formulated in terms of energy, and fairness, and is expressed by, 
 
  


R
u
uu FDf
1
1
 (4) 
 
where, the term 
uD denotes the transmitter u , the fairness is represented as uF and the number of 
transmitter is indicated as R . 
a. Fairness for resource allocation: The fairness parameters, like hard-fairness
uJ , max-min fairness uP , 
proportional fairness
uB , mixed-bias uT  and the maximum throughput uX [25] are given below,  
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b. Hard-fairness: It is also termed as round robin (RR)-based resource allocation. It is utilized for 
allocating time or frequency between the potential candidates with respect to any metric. Simple time 
division multiplexing (TDM) is the best example for RR scheduler where every node is given as  
the time slot to transmit in the regular intervals. The expression for hard fairness is denoted as, 
 
usersofCount
A
J
S
u 
 (5) 
 
where, the term 
SA indicates the maximum number of users who equally shared the resources. 
c. Max-min fairness: In Max-min fairness, the less number of resources allocated to every node is 
increased. In other words, the gap is minimized among maximum and minimum number of assigned 
resources to each user.  
 
   u
u
g
u cP
l
bu
minmax
 (6) 
 
where, the transmit power of relay 𝑏helping the source u on subcarrier 𝑙 is denoted as 𝑔𝑏𝑢
(𝑙)
, and the data rate 
is represented as 
uc .  
d. Proportional fairness: It implements time-enabled fairness and provides the good tradeoff among 
fairness and network throughput with respect to max-min fairness. Here, the nodes with the lower data 
rate take more time than those with the higher data rates, which leads to reduced network throughput. 
The proportional fairness is expressed as, 
 
hu
B

1

 (7) 
 
where, the term  represents the characteristic which priority is assigned to 0 , and the proportionality 
factor is indicated as h , 0h . 
e. Mixed-bias: Mixed-bias aims to allocate the portion of total capacity available at the node through 
strongly biased policy, and rests are employed as the fairer policy. The expression of mixed-bias is 
given by,  
 
 
21
1
ppu WW
T
 

 (8) 
 
where, the terms 
1p and 2p represents the proportionality factor, 0, 21 pp and 0 . 
f. Maximum throughput: It is concerned only with resources allocation for maximizing the throughput. 
Here, the node that transmits more data, gets access to resources first to obtain high sum-throughput. 
 
4.2.3. Algorithmic steps of the developed SSCA-based allocation 
The proposed SSCA is designed by integrating SCA in SSD. Here, the update equation of SSD is 
modified using the update equation of SCA algorithm. The modification makes the solution update to be 
more efficient, and it further improves the convergence of the optimization algorithm. The steps followed in 
the developed algorithm are illustrated below:  
Step 1: Initialization: The first step of the proposed SSCA algorithm is the initialization of the position of 
search agents in which, the total number of agents are identified by the user. The location of agents is 
represented as, 
 
 zX tv 1;  (9) 
 
where, tX represents the agents position at time t , and the number of variables are denoted as . 
Step 2: Objective function evaluation: The fitness is calculated for each solution on the basis of fitness 
function depicted in (4). The fitness function is considered as the maximization function, and solution with 
maximum fitness is considered as the best solution. 
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Step 3: Update the solution based on SSCA algorithm: After evaluating the objective function, the solution 
undergoes position update on the basis of SSCA. The update equation of SSD velocity 
tk  is expressed as, 
 
ttt kXX  
1  (10) 
 
when 5.02 m , 
 
     tttttt XmXmeXX   111 sinsin  (11) 
 
        tttttt XmmXmemeXX  1111
1 sinsinsinsin   (12) 
 
         tttt mmemmeXX  

1111
1 sinsinsinsin1  (13) 
 
where, the term 
k denotes the velocity of X , and the uniformly distributed random numbers are indicated 
as 
1m and 2m ranging from 0 to 1. The term  represents the best solution of 
th agent, and the term 

indicates the mean global solution for whole population. The above equation shows the update equation of 
SSD, which is integrated with update equation of SCA. Hence, the update equation of SCA by taking the 
condition 5.04 Y is expressed by,  
 
  tttv
t XYYYXX  

321
1 sin  (14) 
 
assume tt XI   , 
 
   tttvt XYYYXX   3211 sin  (15) 
 
    tttv
t XYYYYYXX  21231
1 sinsin   (16) 
 
     ttv
t YYYYYXX  

23121
1 sinsin1  (17) 
 
 
  ttvt YYYX
YY
X  

  231
1
21
sin
sin1
1  (18) 
 
where, the term 𝑋𝑣
𝑡 represents the location of current solution at 𝑡𝑡ℎ iteration, 𝐼𝑣
𝑡 refer to the target position, denotes  
the absolute value, and the random numbers are denoted as 𝑌1,  𝑌2, 𝑎𝑛𝑑 𝑌3 are the random numbers, respectively.  
Substituting (18) in (13), 
 
 
 
         tt
tt
vt mmemme
YY
YYYX
X 

 





1111
21
231
1
1 sinsinsinsin1
sin1
sin  (19) 
 
 
      
 
    
    tt
tt
vt
mme
mme
YY
YYY
mme
YY
X
X












11
11
21
231
11
21
1
1
sinsin
sinsin1
sin1
sin
sinsin1
sin1
 (20) 
 
 
          
 
    11
21
231
1111
21
1
1
sinsin1
sin1
sin
sinsinsinsin1
sin1
mme
YY
YYY
mmemme
YY
X
X
t
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t
vt







 

 (21) 
 
   
 
     
 
    11
21
231
11
21
111
sinsin1
sin1
sin
sinsin
sin1
sinsin1
1
mme
YY
YYY
mme
YY
mme
X
t
ttt











 
 (22) 
 
     
 
     
 
    11
21
231
11
21
11211
sinsin1
sin1
sin
sinsin
sin1
sinsin1sin1
mme
YY
YYY
mme
YY
mmeYY
X
t
ttt










 

 (23) 
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     
 
     
 
    11
21
231
11
21
21111
sinsin1
sin1
sin
sinsin
sin1
sinsinsin
mme
YY
YYY
mme
YY
YYmme
X
t
ttt










 

 (24) 
 
 
     
     
 
    

















 11
21
231
11
2111
211 sinsin1
sin1
sin
sinsin
sinsinsin
sin1
mme
YY
YYY
mme
YYmme
YY
X
t
ttt 

 (25) 
where, 𝑌1 = 𝑥 − 𝑜
𝑥
𝑍
. Here, the term o denotes current iteration, Z refer to the maximal iterations,  
x represents the constant. 
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where, 𝑋∅, 𝑋𝛾, 𝑋𝛽 denotes the three best solutions, and 𝐵𝑣
𝑡 represents the best solution. 10;1   tt ee  
the value of 21,mm ranging from 0 to 1. 
when 5.02 m , 
 
 
     
   
 
 
    

















 11
21
231
11
2111
211 coscos1
sin1
sin
coscos
sincoscos
sin1
mme
YY
YYY
mme
YYmme
YY
X
t
ttt 

 (27) 
The term 𝐵𝑣
𝑡 refers to the ability of SSCA for better solution. The above equation specifies  
the updated equation of the proposed SSCA, which in turn used to perform cross layer resource allocation 
effectively.  
Step 4: Compute the feasibility: After evaluating the updated position, the objective function of each solution 
is computed and the solution yielding maximum fitness is considered as best solution.  
Step 5: Termination: The steps from 2 to 4 are repeated until the specified iteration met or the best solution is 
obtained. Algorithm 1 represents the pseudo code of developed SSCA algorithm. 
 
Algorithm 1. Pseudo code of the developed SSCA-based allocation 
Input: Position of search agents  zX t  1;  
Output: Best position 
Procedure: 
Begin 
Initialize the agent’s position and velocities 
Assume the fitness function is minimum 
While the stopping criteria are failed to met do 
For all agents do 
Calculate the fitness function using equation (4) 
Arranged the agents using fitness value 
Compute the mean global solution and previous best solution 
Update the agent’s location using equation (27) 
End if 
End for 
Check the feasibility of the solutions 
Return the best solution 
1 tt  
End while 
Optimal solution is obtained 
End 
 
 
5. RESULTS AND DISCUSSIONS  
The analysis of cross-layer resource allocationusing the proposed SSCA-based allocation is 
elaborated in this section to prove the effectiveness of the proposed model. 
 
5.1.  Experimental set-up 
The proposed method is executed in 4GB RAM, Windows 8 OS with Intel core i-3 processor and 
the implementation is done in MATLAB. 
 
5.2. Evaluation metrics 
The performance revealed by the developed approach is evaluated using energy, throughput and the fairness. 
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5.3. Comparative methods 
The performance increased by the developed method is evaluated by comparing the proposed with 
existing methods, like waterfilling method [16], Security aware energy efficient allocation [19], distributed 
energy efficient allocation [24], respectively.  
 
5.3.1. Analysisbased on number of users 
Figure 2 shows the comparative of the developed SSCA-based allocation with respect to energy, 
throughput and the fairness with respect to users. Figure 2(a) represents the comparative analysis of  
the proposed SSCA-based allocation in terms of energy. When the count of user is 2, the energy obtained by 
the existing waterfilling method, Security aware energy efficient allocation, and distributed energy efficient 
allocation is 32943W, 33157W, and 31168W, while the proposed SSCA-based allocation obtained better 
energy of 32173, respectively. When the count of user is 6, the energy obtained by the proposed SSCA-based 
allocation is 38293W, while the percentage of improvement reported by the proposed method in comparison 
with the exiting waterfilling method, and security aware energy efficient allocation, distributed energy 
efficient allocation is 35678W, 37920W, and 33999W, respectively. 
Figure 2(b) represents the comparative analysis of the proposed SSCA-based allocation in terms of 
throughput by varying the users. When the count of user is 6, the throughput obtained by the existing 
waterfilling method, Security aware energy efficient allocation, and distributed energy efficient allocationis 
3.213mbps, 3.241mbps, and 3.247mbps, while the proposed SSCA-based allocation obtained better throughput of 
3.292mbps, respectively. When the count of user is 8, the throughput obtained by the proposed SSCA-based 
allocation is 3.445mbps, while the percentage of improvement reported by the proposed method in 
comparison with the exiting waterfilling method, Security aware energy efficient allocation, and distributed 
energy efficient allocation is 3.320mbps, 3.392mbps, and 3.414mbps, respectively. When the number of user is 10,  
the throughput obtained by the proposed SSCA-based allocation is 3.608mbps, while the percentage of 
improvement reported by the proposed method in comparison with the exiting waterfilling method, Security 
aware energy efficient allocation, and distributed energy efficient allocation is 3.396mbps, 3.540mbps, and 
3.577mbps, respectively. 
Figure 2(c) represents the comparative analysis of the proposed SSCA-based allocation in terms of 
fairness by varying the users. When the count of user is 6, the fairness obtained by the existing waterfilling 
method, Security aware energy efficient allocation, and distributed energy efficient allocation is 0.760, 0.770, and 
0.788, while the proposed SSCA-based allocation obtained better fairness of 0.849, respectively. When the count 
of user is 8, the fairness obtained by the existing waterfilling method, Security aware energy efficient 
allocation, and distributed energy efficient allocation is 0.776, 0.855, and 0.860, while the proposed SSCA-
based allocation obtained better fairness of 0.861, respectively. When the count of user is 10, the fairness 
obtained by the existing waterfilling method, security aware energy efficient allocation, and distributed 
energy efficient allocation is 0.805, 0.863, and 0.866, while the proposed SSCA-based allocation obtained 
better fairness of 0.868, respectively. 
 
5.3.2. Analysis based on transmitters 
Figure 3 shows the comparative of the developed SSCA-based allocation in terms of energy, 
throughput and the fairness with respect to transmitters. Figure 3(a) represents the comparative analysis of 
the proposed SSCA-based allocation in terms of energy. When the count of transmitter is 5, the energy 
obtained by the existing waterfilling method, Security aware energy efficient allocation, and distributed 
energy efficient allocation is 33336W, 31604W, and 31420W, while the proposed SSCA-based allocation 
obtained better energy of 31709W, respectively. When the count of transmitter is 20, the energy obtained by 
the proposed SSCA-based allocation is 39110W, while the percentage of improvement reported by  
the proposed method in comparison with the exiting waterfilling method, and Security aware energy efficient 
allocation, distributed energy efficient allocation is 35823W, 38662W, and 39557W, respectively. 
Figure 3(b) represents the comparative analysis of the proposed SSCA-based allocation in terms of 
throughput by varying the transmitters. When the count of transmitter is 10, the throughput obtained by  
the existing waterfilling method, Security aware energy efficient allocation, and distributed energy efficient 
allocation is 3.019mbps, 3.039mbps, and 3.134mbps, while the proposed SSCA-based allocation obtained 
better throughput of 3.218mbps, respectively. When the count of transmitter is 15, the throughput obtained 
by the proposed SSCA-based allocation is 3.265mbps, while the percentage of improvement reported by  
the proposed method in comparison with the exiting waterfilling method, Security aware energy efficient 
allocation, and distributed energy efficient allocation is 3.097mbps, 3.157mbps, and 3.208mbps, respectively. 
When the number of transmitter is 25, the throughput obtained by the proposed SSCA-based allocation is 
3.609 mbps, while the percentage of improvement reported by the proposed method in comparison with  
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the exiting waterfilling method, Security aware energy efficient allocation, and distributed energy efficient 
allocation is 3.444mbps, 3.497mbps, and 3.557mbps, respectively. 
Figure 3(c) represents the comparative analysis of the proposed SSCA-based allocation in terms of 
fairness by varying the transmitters. When the count of transmitter is 15, the fairness obtained by the existing 
waterfilling method, Security aware energy efficient allocation, and distributed energy efficient allocation is 0.785, 
0.803, and 0.809, while the proposed SSCA-based allocation obtained better fairness of 0.811. When the count of 
transmitter is 20, the fairness obtained by the existing waterfilling method, Security aware energy efficient 
allocation, and distributed energy efficient allocation is 0.795, 0.811, and 0.812, while the developed model 
obtained fairness of 0.818, respectively. When the count of transmitter is 25, the fairness obtained by the existing 
waterfilling method, Security aware energy efficient allocation, and distributed energy efficient allocation is 
0.824, 0.837, and 0.855, while the developed SSCA-based allocation obtained fairness of 0.868. 
 
 
 
 
(a) 
 
 
(b) 
 
 
(c) 
 
Figure 2. Comparative analysis of the developed method, a) energy, b) throughput, c) fairness 
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Figure 3. Comparative analysis of the developed method, a) energy, b) throughput, c) fairness 
 
 
5.3.3. Analysis based on subcarriers 
Figure 4 illustrates the comparative of the developed SSCA-based allocation with respect to energy, 
throughput and the fairness with respect to subcarriers. Figure 4(a) represents the comparative analysis of  
the proposed SSCA-based allocation in terms of energy. When the count of subcarrier is 16, the energy 
obtained by the existing waterfilling method, Security aware energy efficient allocation, and distributed 
energy efficient allocation is 21200W, 18025W, and 18433W, while the proposed SSCA-based allocation 
obtained better energy of 22098W, respectively. When the count of subcarrier is 128, the energy obtained by  
the proposed SSCA-based allocation is 134377W, while the percentage of improvement reported by the proposed 
method in comparison with the exiting waterfilling method, and Security aware energy efficient allocation, 
distributed energy efficient allocation is 129883W, 125226W, and 127958W, respectively. 
Figure 4(b) represents the comparative analysis of the proposed SSCA-based allocation in terms of 
throughput by varying the subcarriers. When the count of subcarrier is 32, the throughput obtained by  
the existing waterfilling method, Security aware energy efficient allocation, and distributed energy efficient 
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allocation is 2.327mbps, 2.489mbps, and 2.631mbps, while the proposed SSCA-based allocation obtained 
better throughput of 2.700mbps, respectively. When the count of subcarrier is 64, the throughput obtained by 
the proposed SSCA-based allocation is 3.171mbps, while the percentage of improvement reported by  
the proposed method in comparison with the exiting waterfilling method, Security aware energy efficient 
allocation, and distributed energy efficient allocation is 2.852mbps, 2.898mbps, and 2.970mbps, respectively. 
When the number of subcarrier is 256, the throughput obtained by the proposed SSCA-based allocation is 
3.703mbps, while the percentage of improvement reported by the proposed method in comparison with  
the exiting waterfilling method, Security aware energy efficient allocation, and distributed energy efficient 
allocation is 3.486mbps, 3.502mbps, and 3.685mbps, respectively. 
Figure 4(c) represents the comparative analysis of the proposed SSCA-based allocation in terms of 
fairness by varying the subcarriers. When the count of subcarrier is 32, the fairness obtained by the existing 
waterfilling method, Security aware energy efficient allocation, and distributed energy efficient allocation is 
0.735, 0.739, and 0.741, while the proposed SSCA-based allocation obtained better fairness of 0.743, 
respectively. When the count of subcarrier is 64, the fairness obtained by the existing waterfilling method, 
Security aware energy efficient allocation, and distributed energy efficient allocation is 0.738, 0.767, and 0.776, 
while the proposed SSCA-based allocation obtained better fairness of 0.809, respectively. When the count of 
subcarrier is 256, the fairness obtained by the existing waterfilling method, Security aware energy efficient 
allocation, and distributed energy efficient allocation is 0.794, 0.820, and 0.823, while the proposed  
SSCA-based allocation obtained better fairness of 0.865, respectively. 
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Figure 4. Comparative analysis of the developed method, a) energy, b) throughput, c) fairness 
 
 
5.4. Comparative discussion 
Table 1 depicts the comparative discussion of developed method by varying the users, transmitters, 
and the subcarriers. The energy obtained by the existing methods, like waterfilling method, Security aware 
energy efficient allocation, and distributed energy efficient allocation by varying the subcarriers is specified 
as 256553W, 254324W, and255357W, while the proposed SSCA-based allocation obtained better energy of 
258213W, respectively. The throughput obtained by the existing methods, like waterfilling method, Security 
aware energy efficient allocation, and distributed energy efficient allocation by varying the subcarriers is 
specified as 3.486mbps, 3.502mbps, and 3.685mbps, while the proposed SSCA-based allocation obtained 
better throughput of 3.703mbps, respectively.  
 
 
Table 1. Comparative discussion 
Metrics/Methods Waterfilling 
method 
Security aware energy 
efficient allocation 
Distributed energy 
efficient allocation 
Proposed SSCA-
based allocation 
Varying 
users 
Energy (W) 38784 40327 35253 41059 
Throughput (mbps) 3.396 3.540 3.577 3.608 
Fairness 0.805 0.863 0.866 0.868 
Varying 
transmitters  
Energy (W) 37962 38662 39557 39713 
Throughput (mbps) 3.444 3.497 3.557 3.609 
Fairness 0.824 0.837 0.845 0.867 
Varying 
subcarriers 
Energy (W) 256553 254324 255357 258213 
Throughput (mbps) 3.486 3.502 3.685 3.703 
Fairness 0.794 0.820 0.823 0.865 
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It is clearly specified that the developed SSCA-based allocation better performance by varying  
the subcarriers, respectively. The fairness obtained by the existing methods, like waterfilling method, Security 
aware energy efficient allocation, and distributed energy efficient allocation by varying the users is specified as 
0.805, 0.863, and 0.866, while the proposed SSCA-based allocation obtained better fairness of 0.868. 
 
 
6. CONCLUSION 
This paper presents the resource allocation approach using the proposed SSCA approach. The cross-
layer optimization gets QSI and CSI from both MAC and physical layers. Based on energy and fairness,  
the cross-layer optimization-based resource allocation increases the sum rate of network. Then, the cross-layer 
optimization updates the decision using new input data with different channel conditions. Here, the resource 
allocation done based on proposed SSCA. The proposed SSCA is the combination of SSD and SCA.  
The proposed method and the fitness function, like fairness and energy enhance the overall system 
performance and allocating the resources effectively. The fairness function considered in this research are 
max-min, hard-fairness, mixed-bias, proportional fairness, and the maximum throughput. The performance of 
the resource allocation based on proposed model is evaluated based on energy, throughput, and the fairness. 
The performance of the resource allocation based on developed model is computed in terms of energy, 
throughput, and the fairness by varying users, transmitters, and the subcarriers. The developed model 
achieves the maximal energy of 258213, maximal throughput of 3.703, and the maximal fairness of 0.868. 
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